by double-stranded RNA, which has just been published from Dr Tishler's laboratory and which is probably still far away from practical usefulness (Lampson et al. 1967) . Antibiotics and steroids are excellent examples of the fruitful cross-fertilization which may occur between academic and industrial research and it would be an idle task trying to decide which of the many steps leading to the end result were basic and which were applied.
To summarize, medical research is the responsibility of the entire community of life scientists. Their work is financed by government, industry and private charities. Certain areas of research are primarily incumbent on each of these groups according to their resources and the nature of the problem; but the entire and, despite all the progress, still formidable task must be tackled by a concentrated and integrated effort of all who are qualified to contribute.
Let me in conclusion touch upon two points which have some bearing on our subject. The one concerns medical research in developing countries. These countries have a tremendous need for medical research intelligently applied to their problems. The problems are highly specific for these countries, not so much by their medical and scientific nature, but by the socio-economic context in which they present themselves. It seems an urgent task worthy of the very best brains of these countries to work on the solution of their problems in their own way, i.e. with their own people, in their own countries and with their own methods. This is the only way in which they can be solved. In many far away places, Britain has done excellent work by creating local institutions of learning and research and by training people on the spot to tackle their difficult tasks with modern scientific methods. This approach seems much more successful than training large numbers of scientists from developing countries in Europe or America and then sending them back after many years during which they have become spoiled and estranged from their own culture.
The second point concerns the consequences for our society of the advances of medical research: the population explosion; the overageing of our population; the survival of an everincreasing number of creatures whose life can only be preserved by complicated technical devices; the yet unknown dangers resulting from the wide use of powerful and specifically acting drugs; and the challenge to physical and mental health resulting from a technical environment which is rapidly changing our world into a new, unnatural habitat of man. I omit from this enumeration the even more frightening aspects of technical progress which today are still in the realm of science fiction, but which tomorrow already will be hard realities: the possibility to tamper with the genetic makeup, to influence at will man's personality and character, and other like prospects denoting the increasing power of medical science.
Only occasionally and in a random fashion are life scientists today concerned with these consequences of their own endeavour. I suggest that they can no longer shun the obligation to become involved and that this aspect of medical research is the responsibility of all those who by their own successful research actively contribute to the very creation of these problems. Ashby (1958) points out that research has received state support only in the last century. Before that it was mainly pursued privately, often by endowed individuals like the Honourable Henry Cavendish, a member of a wealthy landed family, or the Reverend Stephen Hales who held church livings which he regarded as sinecures while spending his life on experimental biological endeavours. University teachers and doctors found time from their teaching and their practices to pursue researches which often arose from the desire to follow up observations occurring in the course of their routine work. Curiously enough, the first government paid scientist in this country was Thudichum, a liberal German in flight from the nationalistic frenzy of the 1850s, whose work on the biochemistry of the brain, unappreciated at first, was subsequently fully vindicated. Pressures to find money to help refugees in this country came again with the flight of European scholars in the 1930s resulting in the advantages of service to this country by such men as Born, Krebs and Perutz. In the early years of this century following the success of Ehrlich in producing a chemotherapeutic agent for syphilis and with the national pride which had emerged from the work of such men as Behring on diphtheria antitoxin, the German government created a crop of Kaiser Wilhelm Institutes for research. These were in various major German cities and they played a part in reducing the available talent for German universities, thus commencing a vicious circle of decline in the latter which became authoritarian teaching institutes and in which appropriate training for future research workers became impossible. The decline of German universities became catastrophic when the Nazis gave all university appointments to political party men. Even in this country we must keep a close watch on any trend to separate research from the universities. Financial control exercised by government could lead to interference with academic work and without continuous vigilance we could be placed in a position similar to that which led to the deterioration of German universities over half a century ago. Ominous signs are present in the calculation of university finance on student numbers.
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The pursuit of science has always depended either on patronage or on the private means and the urge of interest and curiosity of scientists themselves. We all realize the value of the work done by doctors in the Services abroad during their subsidized leisure in times of peace. The advances made under these circumstances by Ross, Bruce, Leishman and others in tropical medicine were outstanding.
The creation in 1914 of the Medical Research
Committee which subsequently became the Medical Research Council ensured a contribution from National Health Insurance sources to the pursuit of medical science. The value of its work was clearly demonstrable in World War I and the annual budget grew from about £100,000 at the beginning to £14 million in the current year. The Medical Research Council has indeed set standards of excellence in its choice of permanent staff and it has launched many young men on their careers. It has maintained in its large and growing National Institute an exemplary standard of work under a succession of distinguished leaders through Dale, Harington and now Medawar. The advantages and eminence of this Institute, of course, are to some extent counterbalanced by the isolation of talented investigators from the continuous stimulation of problems of hospital medicine and general university contact while teachers of great potential have been withdrawn from contact with students. The stimulation resulting from interchange of ideas from clinical medicine may be partially corrected in the forthcoming clinical research centre but isolation from teaching and the general stream of university work will still be one of the disadvantages of this development.
Thus, while the MRC holds pride of place with its glittering clutches of Nobel Prize winners, its Institute staff is restricted in its range of university and medical contacts, and the resources of the Council are heavily committed to its own establishments and units which absorb at least 90 % of the total annual available funds.
In the year 1966-7, the MRC's contribution to work in the medical schools through new research groups and research grants was £330,000 (Hansard, April 1967) . This figure, however, omits the MRC Units which are fully supported by the Council and placed in medical schools. While these Units are regarded as part of the Council's own establishment, they make a tremendous contribution to research endeavour and teaching throughout our medical schools. This integration is wholly admirable and should be expanded.
For the university medical school staffs, the situation is far from satisfactory. The ideal at which we aim is that each full-time teacher should have half his time free from routine work to devote to research. Without the opportunity to develop original observation and maintain enthusiasm for his subject the teacher becomes stale and oppressed by heavy routine while the student can suffer from the weariness of an overworked preceptor.
Half-time for research by an academic teacher of medicine, however, is now seldom possible except by deputizing to technical helpers. The teaching load in departments such as pathology has increased while the clinical service load has been multiplied many times over in the last decade or so. Staff has not expanded to cope with this, and the laboratory accommodation problem in many medical schools is inadequate and overcrowded to the point of disgrace. The amount of free time for research is thus considerably reduced and the academic pathologist may be lucky if he gets as much as a third of a working week for his research. Thus if we take the University Recurrent Grant for Medicine at, say, £50 million a year, the amount available for research time could be estimated at £17 million. To this we must now add a figure spent on renovation of equipment, say £5 million.
The recent inadequate increase in the universities' annual grant makes it clear that growth of medical scientific endeavour is almost impossible under present arrangements and that we are now facing a period of attrition. Failure to expand in relation to scientific opportunity is as grave as failure of growth in a child. The development of new subjects like immunology and virology or the creation of chairs in expanding clinical specialties like ophthalmology cannot be undertaken. The absence of academic recognition has a debasing influence on the status of a subject and this is partly responsible for the shortage of ophthalmologists and radiologists. Discouragement to research is already having serious effects on the ambitions of young men with regard to academic careers. They watch their professors engaged in strenuous beggary and they readily fall into the dragnet which may pull them out of our univer-sities into specially endowed research institutes or to the United States, or they abandon altogether the idea of a research career. One recalls once again how the disappearance of the most talented doctors from the universities leads ultimately to the lowering of university standards and a decline in the quality of the university product with its ultimate effects in deterioration of the quality of services generally.
Though the university situation looks gloomy at this moment, I can only express the hope that we have touched bottom and that the future could be better. The universities cannot be replaced as research centres by special institutes for they still command the major resources in intellectual and laboratory environment and range of specialties. They are the seed-beds of our new scientists. Improvement of facilities is more important than cash income to the devoted investigator and more diversion of exchequer funds to our medical schools could achieve this.
The National Health Service has supported research to a limited extent by decentralized funds. These, however, are restricted to temporary short-term support at junior level. Anything above this level has to be approved by the Clinical Research Board and finally by the Medical Research Council. There is thus little freedom of manceuvre although the Health Service has been moving increasingly into research support in recent years. The Health Service also supports a great deal of developmental research, and such bio-engineering projects as are concerned with the development and improvement of techniques applicable to the treatment of patients. I believe also that therapeutic trials of new drugs should be regarded as operational research within the Health Service and met by an appropriate provision of financial support.
Tables 1 and 2 show that the charities command more free money than the universities or the Medical Research Council. The charities, however, are either entirely dependent on income from businesses (Wellcome, Nuffield, Wolfson) whose successes could be subject to trade fluctuations, or on the other major source from legacies which are largely dependent on psychological influences on the testator, or to objects of public pity such as the crippled child. In this way the funds from these sources are heavily directed towards topics like cancer and crippled children. By contrast the mentally afflicted get very little, as illness of this type still tends to be regarded with a degree of shame. Rheumatic and cardiac cripples come somewhere in between.
The distribution of funds from charities is thus uneven; nevertheless I think it is important that the charities should preserve their own independent judgment and show a proper reluctance to shoulder responsibilities which should be carried by the State according to our present system. To get these large figures into perspective the proportion of medical research funds from exchequer sources is about two-thirdsthe same as in the USA. The American total, however, is about £870 million. Thus we spend £1 per head of population per annum where the Americans spend £4. If £58 million seems large it is important to remember that we are spending £330 million a year on military research and development.
It is important to remember that the cost of a research worker is not merely his salary. Even the young progressive lecturer getting a salary of £3,000 a year probably costs his medical school about £8,000 a year on average. The extra cost lies in the provision of accommodation, technical assistance, secretarial help, laboratory materials, animals, and equipment. When this is taken into account it is understandable that the mere provision by endowment even of a professor's salary does not necessarily provide the cost of a Chair in a new subject. For a professor and one lecturer about £20,000 a year is a better estimate of needs and realistic costs.
Research cannot be confined to major discoveries. Spectacular pinnacles of research are not attained by sudden flights. It took 180 years from orange juice to ascorbic acid and 30 years from liver diet to cobalamine. In between immense developmental efforts created the conditions in which the final discoveries were made. All research, even repetitive, is good for the investigator, the pupils and the standard of teaching.
General Conclusions From the data in Tables 1 and 2 certain broad facts emerge. Although the universities are gravely inhibited in their expansion they are still in fact the major centres in this country in which research can be pursued. In accommodating MRC Units and research workers they are also making an invisible but substantial contribution to work sponsored by the Council. Roughly in proportion to the reputation of their staffs they attract a great deal of research support from the charities and in so doing they relieve the exchequer of much financing responsibility. They are indeed deserving of much more official support than they are getting at this moment.
The amount of 'spare money', by which is meant money for continuing annual development, available from official sources is indeed limited. It is hard to realize that the major exchequer sources seem to have so little for new endeavour. It is thus not surprising that so many investigators in active university departments turn to the drug industry, to teaching hospital endowment funds, and to the charities for their support.
What can we do to improve the present situation? We can interfere neither with the statutory obligations of the government-supported bodies nor with the freedom of the major research charities in exercising their own judgment in the distribution of their funds. Indeed, when we consider the record of the various charities, their allocations have been made with considerable wisdom and to maximum benefit of the objectives of their charity. Nevertheless, a great deal more could be done to ensure more effective deployment of available resources. In an atmosphere of crisis we might achieve greater rationalization.
(1) The MRC group system is a model which must be preserved and further developed. Expansion of individual effort in the medical schools in new and promising lines under this system is subjected to national judgment and approval. At the end of a quinquennium earmarked funds are transferred to the universities and this earmarking should remain so that the allocation can remain clear and separate from other quinquennial monies. Should the Medical Research Council's funds prove inadequate, charities might help to develop projects which could later be accepted into the group system, or alternatively assist the universities at the end of the first few years of 'take-over'.
(2) Although money is available to start many new projects and give opportunities to young workers, after three years of support judgment must be exercised about continuation and when finances are difficult the judgment will have to be strict as well as fair. Nevertheless, I believe that longerterm support must be arranged for the best workers and the charities which have hitherto been hesitant on long-term support should on occasion take this risk and invite not only cooperation from exchequer-supported bodies but also from other charities. Co-operation between charities is indeed already in existence. The Tobacco Research Council seeks advice from the British Empire Cancer Campaign and from the British Heart Foundation on appropriate directions of research support. Such mutual endeavours could be extremely valuable.
(3) The National Health Service might expand its cover for such important matters as developmental research in relation to equipment applied to the treatment or investigation of patients; work on the clinical application of new drugs should also be regarded as operational research. Departments of clinical pharmacology and bioengineering might thus obtain more official support.
(4) Many of the charities have built up substantial reserves; in the present national economic crisis and in the hope of a return in a year or two to national prosperity, some charities might consider deploying part of their reserves to help meet the crisis now. (5) The universities have already encouraged more interdepartmental collaboration and sharing of costly equipment and technical skills. Organization and method studies might be a good investment to ensure maximum efficiency in the use of available facilities and abolition of interdepartmental barriers. (6) The pharmaceutical industry has done a magnificent job in providing a vast range of effective therapeutic agents. Closer university co-operation with the endeavours in research of the ethical section of the industry and integration of their staff expertise could be enormously beneficial.
